motility depends on PI(3)P raises the possibility that family members and deduced that KIF16B has a much higher coiled-coil propensity in its stalk, analogous to this lipid may recruit an adaptor of a motor or, in the simplest case, a motor itself (Nielsen et al., 1999) . To that of dimeric D. discoideum KIF1A and KHC (Pollock date, two distinct conserved structural motifs, the FYVE et al., 1999) ( Figure 1D ). finger and the PhoX homology (PX) domain, are known Whereas many KIFs are primarily expressed in brain to bind PI(3)P (Lemmon, 2003) . Here, we searched for (Miki et al., 2003) , KIF16B is also present in various motor proteins displaying such motifs.
other organs, e.g., kidney, liver, intestine, placenta, leukocytes, heart, and skeletal muscle by Northern and Western blot analysis (see Figure Figure 1C ). Its closest paralogue in H. sapiens KIF16B Is Localized to PI(3)P-Containing Early is KIF1A, sharing 59% sequence identity in the motor Endosomes In Vivo domain. KIF16B displays two diagnostic properties of A key feature of KIF16B is the PX domain at the C termithe kinesin-3 family, a conserved insertion in loop 3 nus that could target the motor to early endosomes via and a forkhead homology (FHA) domain in its stalk binding to PI(3)P. We measured the binding kinetics of (Vale, 2003) . Kinesins of this family are thought to exist the PX domain of KIF16B fused to GST (GST-CtermPX) either as monomers like hsKIF1A (accession number by plasmon resonance using a sensor chip coated with CAA62346) or dimers such as DdKIF1A (accession different PIs ( Figure 2C ). Whereas the PX domain of number X65873), depending on the presence of coiled-KIF16B did not bind to PI(4,5)P2, unlike KIF1A and coil motifs (Vale, 2003) . Using the COILS algorithm (LuUnc104 motors (Klopfenstein et al., 2002) , it bound to pas et al., 1991), we compared the predicted content in coiled-coil structure of KIF16B with all human kinesin-3 PI ( Figure  6G ), we verified that exogenous KIF16B also localized ( Figures 3E and 3F ). This suggests that the membrane localization of KIF16B most likely depends on Rab5-to PI(3)P-positive early endosomes ( Figure 3B ). No evidence for plasma membrane localization could be obmediated PI(3)P production. Altogether, the above experiments provide strong evidence that KIF16B is localtained. Importantly, at low expression levels, the exogenous KIF16B motor did not significantly alter the ized to PI(3)P-positive early endosomes in a Rab5-and PI3-K-dependent manner in vivo. distribution of early endosomes (see below). motility was Rab5 and PI(3)P dependent. First, extracand delivery to late endocytic compartments. We first investigated whether the activity of KIF16B affects the tion of Rab proteins from the endosome membrane with excess of RabGDI decreased, whereas addition of transferrin (Tfn) cycle. Whereas overexpression of various KIF16B constructs did not impair uptake of Rab5-GDI complex stimulated, the number of motility events ( Figures 5D and 5F ). Second, inhibition of PI(3)-Alexa568-labeled Tfn ( Figure 6F , data not shown), ablation of KIF16B by RNAi accelerated its accumulation kinase either by LY294002 or specific hVPS34 functionblocking antibodies (Nielsen et al., 1999) inhibited the compared with mock-treated cells (Figures 6G and 6H) . To quantify this effect, serum-starved HeLa cells were motility of early endosomes ( Figure 5D ). Importantly, endosome motility along microtubules was not only allowed to internalize biotinylated Tfn for various periods of time, washed, and lysed, and the intracellustimulated by but also dependent on KIF16B activity. Movement was strongly inhibited by addition of either lar fraction of Tfn was determined. Silencing of KIF16B indeed resulted in a faster rate of Tfn accumulation KIF16B-⌬N, a KIF16B deletion mutant protein lacking the catalytic domain, or affinity-purified anti-KIF16B ancompared with control cells ( Figure 6I ). Since this effect could be due to a diminished recycling from early endotibodies. The antibody inhibition was specific, as it could be overcome by supplying recombinant KIF16B somes to the plasma membrane, we measured the kinetics of Tfn recycling, taking care not to chill cells to protein ( Figure 5E ). Furthermore, in the presence of exogenous KIF16B, the system maintained its sensitivity 4°C to avoid depolymerization of microtubules ( tion after 6 hr ( Figure 7A ). Overexpression of KIF16B but not KIF16B-S109A prevented EGF (data not shown) and EGFR from entering the degradative pathway.
Ablation of KIF16B Expression Perturbs the Recycling Function of Early Endosomes
Strikingly, EGFR persisted in early endosomes at the cell cortex over 6 hr after internalization ( Figure 7A ). We next explored the role of KIF16B in the uptake of cargo into early endosomes, recycling to the surface, Under these conditions, the perinuclear localization of late endosomes, as visualized by LAMP1 staining, was ated the degradation of EGFR ( Figure 7D ). From these results, we conclude that KIF16B regulates the transunaffected ( Figure 7A ). That EGFR accumulated in early endosomes was indicated by the colocalization with port of cargo from early to late endosomes and, consequently, its degradation. Rab5, Tfn, EEA1, and PI(3)P but not the late endosome marker LAMP1 or lysotracker DND-99 (Figures 3 and 7 and Figure S1 ). All degradation kinetics of EGFR deterDiscussion mined morphologically could also be confirmed biochemically (Figures 7B and 7C) In the absence of cytotype. For example, KIFC2, which was implicated in sol, isolated early endosomes exhibit only plus end moearly endosomal motility, is likely restricted to neurons tility in vitro, suggesting that minus end-directed mo- (Yang et al., 2001 ). However, besides its ubiquitous extors must either be lost or inactivated during the pression, a unique feature of KIF16B among KIFs is that fractionation procedure. However, rather than the direcit contains an important hallmark of early endosome tion of movement being determined by stochastic motargeting, the PX domain. This domain allows KIF16B tor recruitment or competition between motors of opto bind and move PI(3)P-containing liposomes and loposite polarity, precise regulatory mechanisms are calize to early endosomes. Importantly, in vivo studies required to switch them on and off (Reilein et al., 2001 ). confirmed the idea that KIF16B is required for the A possible regulatory mechanism for the activity of proper intracellular distribution of early endosomes. KIF16B could be phosphorylation, given the presence Next to the well-characterized Unc104/KIF1A, of a phosphothreonine/serine binding FHA domain (Du-KIF16B represents the only other kinesin motor with the rocher and Jackson, 2002). ability to directly interact with lipids. Since PX domains frequently require dimerization to bind PI(3)P (Lemmon, 2003) , it is conceivable that the high coiled-coil poten-
HeLa cells were transfected with KIF16B-YFP ([A], green), KIF16B-⌬N-YFP ([B] and [F], green), or KIF16B-S109A-YFP (C). After transfection (24 hr), cells were immunostained with antibodies against EEA1 ([A]-[C], red) or pulsed with transferrin-Alexa568 for 30 min at 37°C followed by a 10 min chase to remove surface bound transferrin ([F], red). While EEA1 and transferrin-labeled endosomes translocate to the cell periphery upon overexpression of wild-type KIF16B (A), they cluster in the perinuclear region upon expression of the dominant negative constructs (B, C, and F). Also, knockdown of KIF16B results in centripetal translocation of early endosomes (D and E), while the morphology of Rab11-CFP-labeled recycling endosomes remains unaltered (K). (G, H, and I) Tfn uptake and recycling experiments. RNAi-treated HeLa cells were allowed to take up Alexa568-labeled Tfn for the indicated times and processed for fluorescence microscopy. Ablation of endogenous KIF16B (G) leads to an intracellular accumulation of Tfn (40 min) in comparison with mock-treated (H) cells. (I) Cells treated with unspecific (triangles) or

indicated times and immunostained with antibodies to EGFR (Aa-Ad) or LAMP1 (Ae). Merge shows the superimposed confocal images of the kinesin (green) and EGFR or LAMP1 (red). Mock transfected cells (data not shown) as well as cells expressing KIF16-S109A-YFP almost completely degrade EGFR over the course of 6 hr (Aa and Ab). In contrast, overexpression of wild-type KIF16B-YFP inhibits EGFR degradation (Ac and Ad), while it does not affect localization of late endosomes stained with LAMP1 antibodies (Ae). The asterisks (*) mark the cell that overexpresses KIF16B. (B) Quantification of EGFR signal (mean ± SEM) present in (A). (C) Cells overexpressing KIF16B show significantly less degradation of EGFR. Cells were induced for the indicated times with EGF and immunoblotted for EGFR
The Role of KIF16B in Endosome Motility, Cargo tial of its stalk is sufficient for KIF16B to dimerize. This Transport, and Signal Transduction raises the question of whether the regulation of KIF16B Our data suggest that microtubule-dependent motility motility follows a cooperative model, as proposed for plays a role in the regulation of endocytic transport at Unc104 and Kif1A, for which clustering in lipid rafts earlier stages than previously assumed. Microtubuleleads to high density of motor monomers, thus facilitadependent motility facilitates trafficking from early to ting dimerization and processive transport ( 
